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Analysis of Transient Absorption Spectroscopy Data
Decays could be fit to a power law of the form = 0 + | − 0 | − ( Figure S20 ). t0 represents the time offset between the trigger signal and the arrival of the excitation pulse to the sample, while y0 is the absorbance offset at infinite times. The parameters b was ca. 0.35 and t0 was typically 1 x 10 −7 s.
No trends with respect to the concentration of 4-MBA or NiP were observed.
In order to quantify the concentration of long-lived species, we used the amplitude at 3 µs to estimate the initial population of excited species, and the amplitude at 100 ms for the population of long-lived species. The yield of the long-lived species is then calculated as:
The calculated yields are shown in Figure S22 . As mentioned in the main text, the amplitude at 3 µs will underestimate the excited state species concentration immediately after the excitation pulse. As a result, the yields calculated from equation S1 are overestimated. Without data spanning femtoseconds to nanoseconds under similar excitation conditions, we are not able to quantify the total photogenerated excited species population. Despite the issues identified, the data clearly indicate that 4-MBA affect the transient absorption signal in the microsecond timescale while reaction with NiP occurs on timescales longer than 2 s.
Assuming dynamic quenching, we can estimate the bimolecular rate constant of hole transfer from NCN CNx* to 4-MBA (krxn) by first writing the expression for the yield for competitive kinetics:
k1/2 is the inverse of the characteristic lifetime (½) of the decay of NCN CNx without scavengers. We then rearrange equation S2 to calculate the rate of formation (kform):
Finally, a linear fit of the plot kform vs. [4-MBA] yields krxn as the slope. Table S1 . Solar light driven simultaneous H2 and aldehyde production with NiP and NCN CNx. Experiments were performed using NCN CNx (5 mg) in aqueous potassium phosphate buffer (KPi) at pH 4.5 (0.02 M) containing 4-methyl benzyl alcohol (4-MBA) and NiP as a hydrogen evolution catalyst. All the photocatalytic experiments were carried out under N2 containing 2% CH4, the vials were irradiated with simulated solar light (AM 1.5G) in water-jacketed rack at 25°C. Total solvent volume was 3 mL with a headspace volume of 4.74 ml. Entry 9 displays the optimized conditions. All the experiments showed 100% selectivity towards aldehyde formation and no carboxylic acid was detected. Table S4 . Solar light driven H2 and aldehyde production in the presence of NCN CNx (5 mg), 4-MBA (30 mol) and NiP (50 nmol) in aqueous sodium acetate buffer, and KPi (pH 4.5, 3 mL) at different concentrations under 1 sun irradiation (AM 1.5G). Sacrificial conditions were also tested in EDTA (0.1 M, pH 4.5, 3 mL), TEOA (0.1 M, pH 4.5, 3 mL) and in KPi (0.02 M, pH 4.5, 3 mL) under air. All the experiments showed 100% selectivity towards aldehyde formation and no carboxylic acid was detected unless specified otherwise. # These experiments were conducted in the presence of 10 L of 8 wt% aqueous solution of H2PtCl6 corresponding for 8 wt% Pt loading (in the absence of NiP). ‡ These experiments resulted in 41% alcohol oxidation with 97:3% selectivity towards 4-methyl benzaldehyde and 4-methylbenzoic acid formation respectively. ** These experiments resulted in 18% 4-methylbenzoic acid formation. Table S6 . Photocatalytic H2 and aldehyde production in the presence of NCN CNx (5 mg), 4-MBA (30 mol) and NiP (50 nmol) in KPi (0.02 M, pH 4.5, 3 mL) with the addition of neutral density filters (50% and 80% absorbance of the incident light) were conducted. All the experiments showed 100% selectivity towards aldehyde formation and no carboxylic acid was detected.
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Entry Aldehyde ± σ / mol (after Table S8 . Two photoreactors were prepared with NCN CNx (5 mg) and 4-MBA (30 mol) in the absence of NiP in an aqueous KPi solution (0.02 M, pH 4.5, 3 mL) and irradiated for 4 h under 1 sun (AM 1.5G, 25°C). The vials were then taken into the dark, NiP (50 nmol) was added to one of them and the H2 production was monitored for both of the vials over the next 20 h. P2p spectrum is likely to be due to phosphate buffer used during photocatalysis. As predicted, no peak in Ni2p spectrum was detected as the photocatalysis was performed in the absence of NiP. 
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